This work investigated the effect of graded doses and methods of application of digested spent wash on seed germination, nodulation, photosynthetic activity and nutrient uptake in chickpea and on soil properties. Under laboratory conditions, lower concentrations of digested spent wash were not inhibitory to seed germination, whereas higher concentrations led to poor seedling growth and delayed seed germination. However, under greenhouse conditions, seed germination was slightly better at higher concentrations. Increased concentrations of digested spent wash affected the nodulation of chickpea. Irrigation with digested spent wash in pots had an adverse effect on nodulation as compared to its soil application. Lower concentrations of digested spent wash had no detrimental effect on plant growth (shoot length, root length and their weight). The photosynthetic activity of chickpea plants, measured as chlorophyll a fluorescence, was maximum at 10% and 100 m 3 ha -1 of digested spent wash, while a decrease was observed at higher concentrations. With an increase in the concentration of digested spent wash, there was a decrease in N and P uptake by chickpea plants. No significant difference was observed in soil pH, but the EC, organic carbon and total N and P contents of post-harvest soil increased with an increase in the concentration of digested spent wash.
Introduction
Distillery units producing alcohol are major revenue-earning enterprises. Alcohol is produced from sugarcane molasses. The molasses is fermented with yeast and alcohol is distilled from fermented wash, leaving behind a large volume of foul-smelling coloured waste water, generally known as spent wash or distillery effluent. The proportion of spent wash is nearly 14-15 times the total alcohol production. As there are large numbers of distilleries spread all over 75
Materials and methods

Digested spent wash
The digested spent wash was collected from an anaerobic treatment plant (Panipat Distillery India Ltd.) in plastic cans and stored at room temperature. This spent wash was used for all the experiments throughout the study after proper dilution. The pH, EC, total solids, ash content, volatile solids and percentage carbon were determined by standard methods. The chemical oxygen demand of the digested spent wash was determined by the standard potassium dichromate method (Anonymous, 1986) .
Effect of digested spent wash on seed germination of chickpea under laboratory conditions
Seeds of chickpea (var. HC-5) were surface sterilized with mercuric chloride (Vincent, 1970) and were spread on sterilized petri dishes lined with a double layer of filter paper saturated with equal volumes (5 ml) of different concentrations (0, 2.5, 5.0, 10, 20, 50 and 100%) of digested spent wash. For each treatment, there were three replicates with 10 seeds in each replicate. Plates were incubated in an incubator at 28 ± 2°C and seed germination was observed at different time intervals.
Effect of digested spent wash on nodulation, nutrient uptake and plant growth of chickpea
The recommended dose of fertilizers (RDF) (100% RDF = 20 kg N + 40 kg P 2 O 5 hectare -1 ) was varied to reveal the beneficial effect of supplementation with digested spent wash at levels ranging from 2.5% to 50% along with irrigation. Similarly, the soil was amended with different levels (10, 25, 50, 100, 250 and 500 m 3 ha -1 ) of digested spent wash before sowing. A green-house experiment was conducted using chickpea (var. HC-5) as a test crop. The seeds were inoculated with Mesorhizobium sp. strain CH 1233 and sown in pots each containing a measured quantity of soil (3 kg). Soil analysis for pH, EC and residual C, N and P was done before and after the harvest of the chickpea crop. The initial soil analysis showed that the soil was of sandy loam type. The pH of the soil was 8.01 and electrical conductivity (EC) was 0.11 dS m -1 . The organic carbon and total N contents were 0.202% and 0.023%, respectively. The total nitrogen in the soil was estimated by the Kjeldahl method (Bremner, 1960) , the total phosphorus content by the method of John (1970) and the organic carbon content by the wet digestion method (Walkley and Black, 1934) .
The pots were irrigated or amended with water or digested spent wash at the rates given above. Digested spent wash was applied either as a soil amendment before the sowing of the crop or was applied along with irrigation every 3 or 4 days throughout the growth of the chickpea plants to avoid the accumulation of higher doses of the digested spent wash. After 60 days of plant growth, sample plants were uprooted and observations were made on nodule number and dry weight. The root and shoot biomass and the total N and P contents in the shoots were estimated after 90 days of plant growth. The nodules and plants were dried in an oven at 80°C for 3 days till constant weight. The N and P contents of the shoots were estimated as described above for the soil, except that the quantity of plant sample used was 200 mg instead of 500 mg. Chlorophyll a fluorescence was measured using a compact, portable Plant Efficiency Analyzer (PEA). Chlorophyll a fluorescence was determined in all the replicates with 20 measurements (Dudeja and Chaudhary, 2005) . The fully expanded leaves were first acclimated to the dark for at least 2 min by fixing clips. The dark-adapted samples were continuously irradiated for 1 s (1500 μmol m -2 s -1 ) provided by an array of three light-emitting diodes in the sensor. The fluorescence signals were detected using a PIN photodiode after passing through a long pass filter (50% transmission at 720 nm). The first reliable point of the fluorescence transient was measured at t 0 = 0.05 μs after the onset of irradiation and was taken as F 0. The data were analysed using the Biolyser 4.0 software programme developed and supplied free of cost by R. Maldonado Rodriguez (Bioenergetics Laboratory at the University of Geneva, Switzerland) using the JIP test (Strasser et al., 2000) , which provides parameters indicating the efficiency of photosystem II.
Results
In order to allow spent wash to be applied with minimal detrimental effect on crop growth, the chemical composition of digested spent wash was determined. The digested (treated) spent wash was reddish brown in colour, had an unpleasant smell of burnt sugar and the physico-chemical properties given in Table 1 . The effect of this digested spent wash on the seed germination of chickpea showed that lower concentrations (2.5 to 20%) of digested spent wash did not inhibit seed germination under laboratory conditions. Though 100% seed germination was observed at 50% spent wash concentration, it led to poor seedling growth and delayed seed germination (Table 2 and Fig. 1 ). The effect of digested spent wash on the seed germination of chickpea was also observed in pots, as soil is known to mitigate the adverse effect of digested spent wash applied as soil amendment or with irrigation. All the seeds germinated when the pots were irrigated with digested spent wash up to 20%, but the seeds failed to germinate at a higher concentration (50%) of digested spent wash (Table 3) . Similarly, when soil was amended with different concentrations of digested spent wash at the pre-sowing stage, seed germination was observed up to a digested spent wash concentration of 250 m 3 ha -1 (Table 3) . A higher concentration (500 m 3 ha -1
) of digested spent wash completely suppressed seed germination. Since there was no seed germination, no plants were available at higher concentrations (50% and 500 m 3 ha -1 ) of digested spent wash, so data on nodulation, plant growth, nutrient uptake and photosynthetic activity were not recorded at these concentrations.
The effect of digested spent wash on the nodulation of chickpea was observed as a decrease in nodule number and weight with an increase in the concentration of digested spent wash. However, the lowest concentration (2.5%) of digested spent wash did not inhibit nodulation. In the case of soil amendment, there was no adverse effect on nodulation up to 100 m 3 ha -1 of digested spent wash, and in fact an increase in nodule number was observed up to 25 m 3 ha -1 of digested spent wash (36.7 nodules plant ) of digested spent wash (Table 4 ). The growth of chickpea plants was recorded as root and shoot weight plant -1 . Both root weight (0.895 mg) and shoot weight (0.668 mg) were maximum at the 2.5% concentration of digested spent wash. As the concentration of digested spent wash increased, the root and shoot weight decreased (Table 4 ). The pre-sowing application of digested spent wash up to 50 m 3 ha -1 had a beneficial effect on root and shoot weight, but at higher concentrations (100 and 250 m 3 ha -1 ), a decrease in both root and shoot weight was observed (Table 4) . Further, it was seen that root growth was more severely affected than shoot growth by the repeated application of digested spent wash (irrigation) in comparison to a single application (pre-sowing amendment). Applying digested spent wash as irrigation led to a decrease in the N and P uptake of chickpea plants with an increase in the concentration of digested spent wash. The N uptake (26.5 mg plant -1 ) and P uptake (1.64 mg plant -1 ) were maximum when 2.5% of digested spent wash was applied, while these values were 16.6 mg plant -1 and 0.88 mg plant -1
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, respectively, at the 20% application rate. Table 3 Soil amendment with digested spent wash at the pre-sowing stage resulted in increased nutrient (N and P) uptake up to a concentration of 50 m 3 ha -1 , after which there was a decrease in nutrient uptake. The nitrogen uptake amounted to 18.7, 22.4 and 27.4 mg plant -1 in soil amended with 10, 25 and 50 m 3 ha -1 of digested spent wash, respectively. The corresponding values for the P uptake of chickpea plants were 0.88, 1.01 and 1.21 mg plant -1 . The lowest nutrient uptake of N (11.8 mg plant -1 ) and P (0.68 mg plant -1 ) in chickpea was observed at the 250 m 3 ha -1 concentration (Table 4) . Chlorophyll a fluorescence was found to be maximum at the 10% concentration of digested spent wash, while a slight decrease in chlorophyll a fluorescence was observed when the plants were irrigated with 20% digested spent wash (Fig. 2) . No major difference was observed in the chlorophyll a fluorescence of chickpea plants in the other treatments. When the soil was amended at the pre-sowing stage, maximum chlorophyll a fluorescence was observed at 100 m 3 ha -1 of digested spent wash (Fig. 3) . At the 250 m 3 ha -1 concentration, a slight decline in chlorophyll a fluorescence was observed, but no significant change was observed in the other treatments.
To determine the effect of applying digested spent wash along with irrigation or as soil amendment on various soil properties, the chemical and physical properties of the soil and its nutrient status were determined before and after the chickpea crop. With increasing amounts of digested spent wash in the irrigation water, there was an increase in the pH of the soil, though the increase With an increase in the concentration of digested spent wash, either used along with irrigation or as soil amendment, there was a significant increase in the organic C, and total N and P contents in the soil compared with the control after the harvesting of chickpea (Table 4 ). The soil organic C and N were maximum (0.529 and 0.079%) when the soil was irrigated with 50% digested spent wash, when the phosphorus content was 238.0 mg kg -1 soil. When spent wash was applied as a soil amendment, the organic C and N contents were 0.495 and 0.065%, respectively, at the 500 m 3 ha -1 level, when the P content was 183.4 mg kg -1 of soil (Table 5) . Table 3 ; NS: Non-significant
Discussion
All over the world distilleries generate huge quantities of spent wash/effluent and in spite of major efforts, no comprehensive treatment has yet been elaborated. Even with the best available technology, most of the treated effluent discharged into streams, rivers and natural waters is black, foul-smelling and has very high levels of BOD, COD, TDS and soluble salts. Since distillery spent wash contains a considerable amount of plant nutrients and organic matter, the present investigation was undertaken to explore the possibility of applying digested spent wash to improve chickpea crop productivity.
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The application of digested distillery effluent at a concentration of more than 20% had an inhibitory effect on seed germination under laboratory conditions. Similar results were reported in the case of rice, sorghum, cowpea, wheat, soybean and pea (Sahai et al., 1983; Singh et al., 1985; Singh and Bahadur, 1995; Pandey et al., 2007; Deora et al., 2008) . Though Ramana et al. (2002a) reported no inhibitory effect of spent wash on the seed germination of various vegetable crops, the seeds failed to germinate at higher concentrations. Therefore, due care should be taken before using spent wash for irrigation purposes.
In the present study, seed germination under pot culture conditions in soil showed that digested spent wash had no adverse effect up to a concentration of 20% (irrigation) or 250 m 3 ha -1 (pre-sowing amendment). However, at higher concentrations (50% and 500 m 3 ha -1 ) it was inhibitory. The application of digested spent wash at higher doses resulted in poor development and establishment of plants. Other authors also reported that higher concentrations of effluent/spent wash retarded the rate of germination and seedling growth in soil (Sahai et al., 1983) . A high content of cations, anions and total dissolved solids has been reported to retard seed germination by enriching the salinity and conductivity of the solutes absorbed by the seed prior to germination (Sahai et al., 1983; Singh and Bahadur, 1995; Pandey et al., 2007) .
An increased concentration of digested spent wash affected the nodulation of chickpea, to an extent depending on whether the spent wash was applied as a soil amendment or with irrigation water. The addition of digested spent wash to the irrigation water affected nodulation even at a low concentration of 5%, whereas the application of digested spent wash in soil at a rate of up to 100 m 3 ha -1 had no adverse effect on nodulation. It is not yet clear precisely which stage of nodule formation is more sensitive to a high concentration of digested spent wash in any legume. Since the root biomass was adversely affected in chickpea, it is quite possible that the toxic components of spent wash might have affected the population of Rhizobium and decreased root hair formation. A reduction in nodulation has been reported in various legumes after the application of distillery waste water (Juwarkar et al., 1990; Ramana et al., 2002b; Bhalerao et al., 2004) .
Lower doses of digested spent wash (5% or 50 m 3 ha -1 ) were found to have no adverse effect on the root and shoot growth of chickpea and even proved to be stimulatory. Other researchers also reported the positive effect of diluted spent wash on the crop growth of non-legumes (Zalawadia et al., 1997; Singh et al., 1985; Banerjee et al., 2004; Singh and Bahadur, 1997; Sukanya and Meli, 2004a) . The better performance of chickpea at lower concentrations of digested spent wash (irrigation/pre-sowing amendment) can be attributed to its manuring effect. This was further supported by the nutrient content in postharvest soil and its uptake.
Chlorophyll a fluorescence is an indicator of photosystem II efficacy and this was maximum in chickpea at the 10% concentration level (irrigation) and at 100 m 3 ha -1 (soil amendment) of digested spent wash. Sahai et al. (1983) , on the other hand, reported decreased chlorophyll a and chlorophyll b contents at higher spent wash concentrations. Similarly, a higher distillery spent wash concentration had an inhibitory effect on the chlorophyll content of Phaseolus aureus, while lower concentrations (1-10%) increased chlorophyll (Chandra et al., 2004) .
With an increase in the concentration of spent wash, there was a decrease in the N and P uptake when plants were irrigated with different levels of digested spent wash. Similarly, in the case of pre-sowing amendment with digested spent wash, the nutrient uptake increased up to 50 m 3 ha -1 , but at higher doses it decreased. High nutrient uptake has been reported elsewhere at lower concentrations of spent wash (Patil et al., 2000; Sukanya and Meli, 2004b) . The lower uptake of nutrients at higher concentrations of spent wash might be due to the excessive quantities of soluble salts and solid material in digested spent wash.
There was no significant increase in the soil pH with the application of digested distillery spent wash, though the soil EC, percentage organic carbon and total N and P contents increased with increasing doses of spent wash in both types of treatment (irrigation/amendment). A progressive increase in the pH, EC, organic C, and N and P contents of post-harvest soil after the application of increasing doses of distillery spent wash has also been reported elsewhere (Singh and Bahadur, 1997; Zalawadia et al., 1997) .
Conclusions
The application of lower doses of digested spent wash to the soil, either as soil amendment or along with irrigation, has a beneficial effect on soil nutrients, thereby increasing the uptake of nutrients by the crop and ultimately resulting in increased crop productivity.
